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Carotenoids and their precursors are regarded with a number of beneficial effects. The ingestion of dietary carotenoids is linked to favorable
outcomes associated to the prevention of degenerative diseases. The main challenge resides in increasing the bioavailability of such a low-
soluble compound, in digestive fluids during the pre-intestinal stage of digestion. Mechanical movements and the structural transformations
that occur during the oral processing of foods will release particles from the food matrix (e.g emulsifyed droplets in the case of emulsion gels)
influencing the mechanical and tribological bolus properties (Foegeding, Stieger, and van de Velde 2017). The absorption of lipids and lipid-
soluble components from food is quite a complex mechanism and external factors namely, like lipid composition, breakdown of food matrices,
emulsion droplet size and lipid solubilization within mixed micelles of bile salts will influence the whole digestive process (Dickinson 2014). In
this work we stablish the parallelism between the mechanical properties of the beta-carotene loaded oleogels and their digestion under the
in-vitro process. Our objective comprise the understanding of oleogels’s digestive behaviour bioactive availability of oleogels produced by
mono-component gelation (using beeswax) and multi-component gelation (with a combination of gamma-oryzanol and beta-sitosterol).
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• Tribology investigates on static and dynamic coefficient of friction (COF) that serve as a reflection of sensations that occur at the tongue-
food-palate interface. This experiment is pivotal in the understand of how this oleogel structures suffer a primary breakdown or
fragmentation that will contribute for bioactive or oil release.
• The influence of oleogels (CBW and OZ) on cellular viability (Caco-2 - human colon epithelial cancer cells, ATCC, HTB-37) metabolism
was evaluated with the resazurin-based PrestoBlue (PB) assay.
• Simulation of the oral, gastric and intestinal (duodenal) steps of the digestion, was performed using an adapted INFOGEST standardized
protocol. The simulant fluids used in the experiment were SSF (simulate salivate fluid), SGF (simulated gastric solution) and SIF (simulate
intestinal fluid) (Minekus et al. 2014). According to the protocol, the desired amounts of pepsin, bile salts and panceratin were also
prepared, just before the start of each digestion procedure.
• Bioacessibility and bioavailability assessment were made after beta-carotene extraction from samples resultant of the digestive
experiments. Digestive samples were centrifuged (9000 rpm during 10 min) in order to facilitate the recovery of the micellar (aqueous)
phase. All the samples that underwent cell permeability tests (Caco-2 and HT-29-MTX cells) were then dialysed for approx. time of 16 h in
membranes with porosity ranging from 12 to 14 kDa.
A
bs
tr
ac
t Background & Objectives: Oleogels can replace saturated fat in foods, while providing tailor-made nutritional and textural properties. Their
performance as carriers of bioactives, and their behaviour under gastrointestinal conditions has been scarcely studied. This work reports the
behaviour of two distinct edible oleogels, loaded with a bioactive compound under in-vitro digestion conditions and assesses the bioactive
bioacessibility and bioavailability of the bioactive compound.
Method(s) and Results: Two types of gelation were used for the production of oleogels (i.e. single- and multi-component gelation), using
respectively beeswax and a sterol mixture of gamma-oryzanol and beta-sitosterol (60X40 ratio). For both cases, long chain triglycerides were
structured with 8% (w/w) of gelator and loaded with 0.1% (w/w) of beta-carotene. The recorded average hardness of sterol-based oleogels
was approximately 4-fold higher than for beeswax oleogels. In-vitro digestion of oleogels was evaluated following the INFOGEST protocol.
Bioacessibility of beta-carotene was of approx. 26% for sterol-based oleogels and close to 20% for beeswax-based oleogels. Afterwards, the
digested samples were placed in contact with a monolayer of differentiated Caco-2 and HT-29-MTX cells, to determine the transepithelial
transport of beta-carotene (bioavailability). Sterol gels favor the bioavailability of beta-carotene with an increase of 15% of bioactive transport
over beeswax-based oleogels. No cytotoxicity of oleogels was detected.
Conclusions: This study shows that the INFOGEST standard protocol is suitable for the in-vitro digestion evaluation of oleogels and that the
bioacessibility of beta-carotene in these systems lays between 20 and 26 %. Oleogels are able to carry beta-carotene through the digestive
process being enhanced by sterol gels.
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Oil Gelation 
Figure- Schematic presentation of processes involved in crystallization and storage of fats 
Reproduced by C. Himawan et al. 2006 
• β-phytosterol+γ-oryzanol self-assemble developing fibrillar 
networks. Because of the wedged shape resultant from the stacking 
and due to the presence of a hydrogen bond this asymmetric 
structuring favour the formation of an irregular crystal extending in 
three directions.
Gelation
• Beeswax - Waxes are formed by long hydrocarbon chains that, after 
reaching a certain concentration, are able to develop crystallite 
conformations  (platelet-like structures) strong enough to retain oil and 
promote solid structuring upon cooling > 3.5%.
Cytoxicity In-vitro digestion Bioavailability and bioacessibility
• Fluorescence microscopy allowed to understand the level of disintegration that
gel samples underwent during the different stages of digestion.
• Migration (from lipidic phase) of lipid particles and the size of micelles, that are
within the aqueous phase.
• Increase of lipid content in the inferior phase of the digestive “reactor” –
micellarization.
In our point of view, the mechanical processes associated to food disintegration during chewing,
play a determinant role in the release of carotenoids during the consequential gastro and intestinal
processing of foods. Because of that this is a factor that we will target in the future for oleogel’s
digestive experiments.
Cytotoxicity tests showed that both undigested sterol- and beeswax-based oleogels were not
cytotoxic. Sterol gels favor the bioavailability of beta-carotene in comparisson with beeswax-based
oleogels
• Fluorescence intensity of cells incubated with oleogels
loaded and unloaded with beta-carotene is superior to
the control (cell grown in culture medium).
• Non-cytotoxic behaviour from undigested sterol-
and beeswax-based oleogels.
• No significative differences between control and oleogels carotene bioacessibility.
• Mass balance for beta-carotene shows the profile of bioacessibility for the compound
through oleogels’ mediation – increase of bioavailability for sterols gels when comparing
to beeswax-based oleogels.
Fig. 1. A) Fluorescence intensity regarding cell contact with control medium and oleogel
samples; B) Cell viability evaluated with CaCo-2 Presto-Blue assay with oleogels with
increasing gelator concentration.
A
B
Fig. 3. Micrographs and structural changes in control (LCT-oil), sterol-based oleogels and beeswax-based oleogels during gastric and intestinal stages of in-
vitro digestion.
Fig. 4. A) Beta-carotene bioacessibility for control and oleogel samples after in-vitro digestion; B) Carotene quantification accessed in cell-permeability experiment
after digestion and further dialysis (initial), total permeate, apical site and reminiscent carotene in cells after lysis.
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Tribology
• Larger adhesion exhibited from the wax-based oleogels.
• Sterol-based oleogels are more abrasive when in contact with
the PDMS surface, because of that, lower friction coefficient
values (COF) are obtained - increase of lubrication between
the surfaces visible in dynamic measurements.
Fig. 2. Coefficient of friction (COF) directly related to the resistance of the motion between two contacting surfaces.
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